A characteristic of herpes simplex virus infection of a host cell is the diversity of relationships which may be established within that cell. The most common effect is the production of the cytolytic cycle which has been described by many investigators for many cell systems (7, 24) . Virus latency has long been known to be a property of the herpesviruses (13). This property of herpes simplex virus type 1 (HSV-1) has recently been characterized in both animal (3, (27) (28) (29) and human (1, 2) systems. Recurrent infections due to herpes simplex virus type 2 (HSV-2) (18) The suspected transforming and oncogenic potential of the herpesviruses, with all its important implications, has been demonstrated in many laboratories (In E. Kurstak and K. Maramorosch (ed.), Viruses, evolution, and cancer, in press). Although these three manifestations of transformation, latency, and cytolytic infection by herpes simplex viruses are under investigation, little is known of the control mechanisms regulating events leading to different interactions. To delineate such control mechanisms would greatly facilitate research efforts into virus latency and cell transformation. Since both virus latency and transformation 81 require a more subtle interaction than the complete destruction of an infected cell, we sought to establish a virus-cell system utilizing mutants of HSV-2 which did not induce cytopathology under nonpermissive conditions. In this report we describe the isolation and preliminary characterization of four mutants of HSV-2 strain 333 which are temperature sensitive in hamster embryo fibroblast (HEF) cells but show a surprising host range property.
Herpesviruses are capable of several types of infection of a host cell. To investigate the early events which ultimately determine the nature of the virus-host cell interaction, a system was established utilizing temperature-sensitive mutants of herpes simplex virus type 2. Four mutants have been isolated which fail to induce cytopathic effects and do not replicate at 39 C in hamster embryo fibroblast cells. At least one mutant is virus DNA negative. Since intracellular complementation is detectable between pairs of mutants, a virus function is known to be temperature sensitive. However, all four mutants induce cytopathic effects and replicate to parental virus levels in rabbit kidney cells at 39 C. This suggests that a host cell function, lacking or nonfunctional in HEF cells but present in rabbit kidney cells at 39 C, is required for the replication of these mutants in hamster embryo fibroblast cells at 39 C. Therefore, we conclude that these mutants are both temperature sensitive and exhibit host range properties.
A characteristic of herpes simplex virus infection of a host cell is the diversity of relationships which may be established within that cell. The most common effect is the production of the cytolytic cycle which has been described by many investigators for many cell systems (7, 24) . Virus latency has long been known to be a property of the herpesviruses (13) . This property of herpes simplex virus type 1 (HSV-1) has recently been characterized in both animal (3, (27) (28) (29) and human (1, 2) systems. Recurrent infections due to herpes simplex virus type 2 (HSV-2) (18) are well known. A recent report by Walz et al. (31) has given further evidence of such HSV-2 latency in experimental systems. The scope of herpesvirus latency has recently been reviewed (22) .
The suspected transforming and oncogenic potential of the herpesviruses, with all its important implications, has been demonstrated in many laboratories (In E. Kurstak and K. Maramorosch (ed.), Viruses, evolution, and cancer, in press). Although these three manifestations of transformation, latency, and cytolytic infection by herpes simplex viruses are under investigation, little is known of the control mechanisms regulating events leading to different interactions. To delineate such control mechanisms would greatly facilitate research efforts into virus latency and cell transformation. Since both virus latency and transformation 81 require a more subtle interaction than the complete destruction of an infected cell, we sought to establish a virus-cell system utilizing mutants of HSV-2 which did not induce cytopathology under nonpermissive conditions. In this report we describe the isolation and preliminary characterization of four mutants of HSV-2 strain 333 which are temperature sensitive in hamster embryo fibroblast (HEF) cells but show a surprising host range property.
MATERIALS AND METHODS
Cell cultures. HEF cells were prepared from 12-day-old LSH strain (Lakeview Hamster Colony) hamster embryos. The cells were grown at 37 C in 8-ounce (0.473 liter) glass prescription bottles in medium 199 supplemented with 10% fetal calf serum, 10% tryptose phosphate broth, and 0.075% sodium bicarbonate.
One hundred units of penicillin per milliliter and 100 jig of streptomycin/ml were used in all cell culture media. At confluency, cell monolayers were trypsinized and reseeded into plastic microwell trays (Linbro Disposo Trays, Linbro Chemical Co., New Haven, Conn.) and the growth medium containing increased sodium bicarbonate (0.23%) was replaced. These cultures were grown to confluency at 37 C in a 5% CO2
atmosphere.
Primary rabbit kidney (RK) cell cultures were prepared from the kidneys of 3-week-old New Zealand white rabbits. These cells were similarly grown at 37 4 days, neutral red (diluted 1:7,500 in Tris-buffered saline) was added for 3 h at 37 C, and plaques were counted.
Mutagenesis by nitrosoguanidine (NTG). Parental virus (3.0 x 10 PFU) in 0.1 ml was added to 0.9 ml of 50 ug/ml of N-methyl-N-nitro-N-NTG (K and K Laboratories, Plainview, N.Y.) in medium. At 0.5, 1, 3, 5, 10, 20, and 60 min, a 0.1-ml sample was removed from the incubation mixture and titrated directly in RK cells at 37 C as described above. At 4 days, plaques were counted. Progeny from plaques of 1 mm in diameter or less in size were picked and plaque purified at 37 C an additional two times.
Mutagenesis by UV irradiation. (5, 14, 25, 30) .
To obtain a readily detectable genetic marker, only those plaques < 1 mm in diameter were picked and purified by further titration and selection in RK cells. Figure 1 demonstrates this difference in plaque size between predominantly large plaque-forming parental virus and homogeneous small plaque-forming mutants. The stability of small plaque size has been reported for nonmutagenized isolates of HSV-1 (20) and HSV-2 (16).
Isolation of mutants. In three separate experiments the parental virus was subjected to treatment with one form of mutagenic agent: UV irradiation, BUdR, or NTG. After mutagenesis, the virus was titrated by 10-fold serial dilution as described in Materials and Methods, and small plaques (<1 mm) were picked, and then suspended in 1.0 ml of Eagle growth medium. There was a greater than 1,000-fold decrease in infectious virus detectable after 120 s of UV irradiation (Fig. 2) . Mutant 69 was derived from a single plaque picked from the titration in RK cells of parental virus exposed to 90 s of UV irradiation. This dosage represents a 0.1% survival rate. replication of viruses mixedly infecting HEF cells at 39 C as compared to singly infected cells. To quantitate this latter parameter, the method of Burge and Pfefferkorn (4) Regulation of replication by host cell type. To this point, the mutants described have been considered as to their virus temperature-sensitive nature in HEF cells; the permissive temperature was 33 C and the nonpermissive temperature 39 C. It has been demonstrated that selected pairs of mutants are capable of complementation in mixedly infected HEF cells at 39 C, further supporting the conclusion that a temperature-sensitive virus function is involved.
The first suggestion that cell type is a determinant of permissiveness was observed when small plaque-purified isolates were screened at 33 and 39 C in RK and HEF cells for their ability to induce cytopathology at 39 C. It was noted that while little or no cytopathology occurred in HEF cells, complete cytopathology eventually occurred in RK cells at 39 C. In returning to further investigate this unusual behavior of the temperature-sensitive mutants, it was found that mutants of parental virus 333, in addition to inducing complete cytopathology, could also replicate in RK cells to levels approaching that of parental virus under identical conditions (Table 3 ). This implies a host regulatory mechanism as well as a temperature-sensitive virus function is involved.
DISCUSSION
The purpose of this study was to establish a system to study interactions between herpes simplex virus and host cells. The approach taken was to isolate conditional lethal mutants of HSV-2 defective, under nonpermissive conditions, in their ability to induce cytopathology.
Before the development of this mutant virus system, studies on herpes virus latency in cell culture have been confined to observation of infected cultures to which the DNA inhibitor (10, 11) "transformed" cells carrying Rous sarcoma virus with HSV type 1 or 2 and observed the expression of some virus functions. Utilizing mutants described in this study, transformation studies in HEF cells at 39 C could conceivably identify a high frequency transforming mutant if the temperature-sensitive block occurred after transcription and translation of a "transforming" cistron (5) . A variety of different mutants, such as those isolated, could be valuable in defining the virus information required for a given transformational event.
